I. INTRODUCTION
One's first impression on seeing a spin echo tends to be of having witnessed a spontaneous fluctuation of an apparently disordered system into an ordered (magnetized) state. Actually, of course, the system was by no means as disordered as it seemed to be: It had to be prepared from a magnetized state in a special way, such that its microscopic dynamical equations guaranteed a return to the magnetized state; and the name "echo" of course expresses just this fact. The [p,(0) , 3C&,t, ] o0], where $C"tis the Hamiltonian of the spin-spin interactions. If the system approaches internal equilibrium, it is then to be described by p(~) =1 -3C,/kT, . (4) Since Zeeman energy must be conserved under the time-independent Hamiltonian acting during the decay, E( ) =E(0) = Tr [p, (0) X,] = 0, one must set the spin temperature T, =~i n (4). Thus p(~)=1. lt +O(yH", ) .
We shall henceforth speak in terms of the reduced density matrix nomena can be evoked by applying any external fields: The Hamiltonian representing their interactions with the system commutes trivially with p(").
To be sure, some echo phenomena are known in solids. "'2 However, these echoes can be evoked only by interrupting the development of p"(0) before the system has had an opportunity to approach the postulated equilibrium state, and they are weaker the longer that decay is permitted to proceed before interruption.
In this paper, we shall describe a form of echo" which can be made to occur even after p"(0) has been allowed to develop Fig. 1(a (7)- (9): (i) The rf burst converts the effective Hamiltonian from X" in the rotating frame to -&X" in the tilted rotating frame [taking account of (iii)].
(ii) 90 y pulses transform the density matrix to and from the above frames. (iii) Our time scale during the burst is limited to integral cycle times of the rf field. Figure 2 demonstrates the application of this simple picture to the echo experiment described previously' and referred to again in Sec. III. We see that most of the qualitative features of the experiment are incorporated neatly in this description, but we emphasize that this should not be taken too seriously and serves only as a useful pictorial accessory when used in conjunction with the appropriate equations. The reader will no doubt appreciate the trivial extension to multiple echoes described briefly in Secs. III and V.
C. Remarks on Statistical Mechanics
For an echo of magnitude M0 to occur at time t =0 in an isolated system of energy E0, the representative point of the system must lie in some region S(0) of the phase space. This region is much smaller than the total constant-energy surface $0, expressing the fact that the magnetized state is one of low entropy. Every possible representative point in S (0) arrived there from a sequence of earlier locations, completely determined by the system Hamiltonian through the microscopic equations of motion. That is, a knowledge of $C specifies a sequence of mappings of S(0) onto the precursor regions S (-f). The problem confronting an experimenter who wishes to produce an echo at time I'=0 is how to prepare a system which isknown to be in S(-to). This is a more subtle task than to prepare the system in S (0). The Fig. 4 , using the simple picture in Sec. II.
The spin system in equilibrium (a) is irradiated at time t =0 with a 90' pulse along the g direction (90") nutating the magnetization into the x-y plane (b). The magnetization decays with 'Vast" spine precessing clockwise and "slow" spine anticlockwise about the g axis, and we see a normal free induction decay (c}. At time t=tD a 90p ulse brings the dephased spina into the y-z plane (d) and a rf burst is applied along the x axis. According to our picture the spine now precess about the g axis with "slow" and "fast" spine having interchanged their sense of precession (e), and refocus at time t=3t~(f). This produces the rotary echo described in Sec. III. The spine now dephase about the x axis (g) and at t = 5ta the rf burst is terminated with a 90~pulse which returns the dephased spine to the x-y plane (h). %e now have situation (c) except that the "fast" and "slow" spins are interchanged in position (i) and the spine rephase leading to a spontaneous echo (j) observed in Fig. 4 . Note that the timereversing rf sequence in (d) observed along the y axis of the rotating frame using the pulse sequence of Fig. 1(b Fig. 4 (which is the one described by the simple picture of Fig. 2) , we first apply a SO"pulse after which we see a normal free induction decay. The time-reversing sequence withn = 1 is then applied as in Fig. 1(c) Fig. 1(c As a final demonstration of a simple application of the time-reversing sequence, let us look at the experiment of Fig. 9which employs the pulse sequence in Fig. 1 In this experiment, the time-reversing sequence (B) in pulse sequence j.(c) was modified by replacing the contiguous (n&) "and(n&) "pulses with a train of alternate 90"and 90~pulses spaced 5 @sec apart. In addition to the free induction decay and echo, observed as in Fig. 4 We now turn to some other errors which stem from practical sources. The treatment up till now has assumed that the time -reversing sequence contains a series of continguous ideal (nm)"and (nm), pulses.
Evidently, this cannot be realized in practice because of the finite rise and fall times of the pulses which lead to windows" in the continuous rf irradiation, since the carrier phase of the two pulses differs by m. Thus the time-reversing sequence is better represented in practice by the pulse sequence in Fig. 10 .
Another source of error is the fact that the pulses may not be exactly of nutation angle nm, as this is exceedingly difficult to adjust. Accordingly, in Fig. 10 tice.
An interesting feature of Eqs. (24) and (25) as we have seen, is the fact that the first correction term to the peak echo amplitude is in (Xt~)', whereas those to the higher moments are in (Xts) Preparing the system with a 90' pulse along the y axis, it is P, -(v -P"-v-P~-2v P~--v-P "-7')".
It is easily verified that (34) holds over a cycle with f, = 6v, and thus (35) is fulfilled. This sequence is simpler than a 6-pulse modification recently proposed by Mansfield, " P, -(~-P "P,~-P "-2~-P, -~-P, P"-7)", and a 3-dimensional sequence proposed by Silberszyc. 
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